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KowrneKcpi JIANTAHMNOR W μτρµᾳ C NUpPOMCIMTOROÑ κµοποτοὔ 


Benzene? ,2,4,5—tetracarboxylic acid known as pyromellitic 
acid belongs to crystalline compounds and is a highly insoluble 
substance in water but very soluble ( readily soluble) in spirit 
C1]. Erdman [2] has received pyromellitates of silver, calcium 
and lead as 4-substitution salts, Pyromellitate of sodium [3 Job- 
tained as basic salt with the formule [Sc (0H), 4 “10% 2% © 24,0 
has been insoluble in water and spirit. Pyromellitates of rare 


earths have not been known so far. 


EXPERIMENTAL PART 


Reagents: La,0;, PrOs4s Sm,05, ¥,0, 99.8%, cerous nitrate - 


Department of Inorganic and General Chemistry of UMCS, Gd,0, 99. 9% 


=- VEB lLaborchemie Apolda, Er,0,, Lu,0, 99.9% - Fluka AG, Yb,0,, 
99.9% - Rare Earths Products Limited, Bu, 0, 99.9% -- Interna- 
tional Enzymes Limited Windsor - Berkshire - England, pyromel- 


litic acid anhydride - Veba Chemia AG. 


102 Wanda Brzyska, Jolanta Kowalewicz 


Apparatus: Pehameter LBS-66 with glass and calomel elec- 
trodes, Spectrophotometer UR-20, Diffractometer DRON-2, 

The aim of this work was to study the conditions of forma- 
tion of lanthanons and yttrium complexes with pyromellitic acid, 
to examine the properties of complexes obtained under existing 
conditions and to establish their chemical compositions. 

On the basis of preliminary tests performed it was found 
that the pyromellitates of lanthanons were very hard soluble in 
water, so was pyromellitic acid. On account of it the following 
method of preparation was applied. Some lanthanons oxides were 
converted into chlorides (ce was used as nitrate ) and at tem 
perature 70=80°C the solution of 0.2 M ammonium pyromellitate 

(pH = 4.5) was added dropwise into the solution with constant 
stirring ( ammonium pyromellitate was obtained by dissolving py- 
romellitie acid with an equivalent amount of ammonia water). 
During the addition of precipitating agent the precipitate 
quickly fell down, The forming precipitate had been heated for 
one hour at temperature 60-70°C and afterwards was filtrated 
and rinsed until the removal of chloride ions. The salts ob- 
tained were dried to the constant mass in air. 

Next the experimental coefficient δα determining the ratio 
of salts mass to the oxides formed during roasting was deter- 
mined and compared with the theoretical one 8.» The values ob- 
tained were given in Table 1, 

In this manner the pyromellitates of lanthanons and yttrium 
were prepared τὰ 4~substitution salts with the general formula 
Ln, [ος H ο (coo) ,| s * 1H,0, Where In = Ia, Ce, Pr, Nà, Sm, Eu, G4, 
Bre Yb, pA and Y, n = 12, 13, 14, 15, 21, 23, 24 and with col- 
ours characteristic of η 2 ions, Pyromellitates of Ia, Ce, Pr, 
Νὰ and Y were received as voluminous precipitates whereas of 
Sm, Eu, Gd, Er, Yb and Lu were obtained in macrocrystalline 
form, The precipitates of lanthanons pyromellitates Tal mete 
well and quickly and wash readily. As distinct from pyrom el. - 
litates of heavy lanthanons, pyromellitates of light lantha- 
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Table 1, Compositions of lanthanons and yttrium pyromellitates 


Formula of complex 


Ia + 24H,0 


608200) 
\ 
Ce 10% 2 05/3 * 23H,0 


10208)3 * 21320 


4( 
‘e 
iy 
Ná, (δι ρβρθῃ)η * 15830 
Sm, (040208)3 ° 140 
Bag (040306); ° 15830 
μον olla) 5 * 158;0 


) 
(σιοἳ 2 ορ)» κ κ 


rie “12420 


102 Os) 
Iu 4 (οἴ κ ορ) ` 198,0 


Y, (C1008); 


3 
° 13H,0 


nons are far more hydrated. It certainly arises from the con- 
traction of volume effect. Dried pyromellitates lose the crys- 
tallization water passing into anhydrous salts. Roasted pyromel- 
litates carbonize forming oxides as products of ultimate decom- 
position. 

Next the IR spectra of pyromellitic acid and the obtained 
lanthanons and yttrium pyromellitates were registered in the 
range of 4000-400 cm, The measurements were made using the 
spectrophotometer UR-20. The samples were prepared in the form 
of pastilles with KBr, The results are shown in Table 2. 

Pyromellitic acid - dihydrate shows sharp absorption bands 


-1 
of unbounded valence vibration of -OH groups at 3520 cm , har- 


-1 
monic valence vibrations of -C=0 at 3400 cm , bounded -OH 


group at 2680 em", absorption bands of -COOH group at 1710 - 
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-1680 ο”, HOH vibrations at 1615 om”, deformation vibration 


bands OH at 1360 om’, valence vibration -C-OH at 1220 and 
1110 cm” and bands of ring vibrations at 1080 cem” απᾶ 965 cm | 

When acid converts into salt the spectrum is changed. The 
absorption band of COOH groups at 1710 cm l are missing, The 
broa absorption band with the maximum of ca 3400 cm confirms 
the presence of crystallization water in the salt molecules, 
The appreciable absorption band at 550 on™! corresponds to the 
ionic bond of metal = oxygen, 

The solubilities of obtained lanthanons and yttrium pyromel- 
~ litates in water at temperature 2290 were also determined and 


their values are given in Table 3, 


Table 3, Solubilities of lanthanons and yttrium pyromellitates 
in water at temp, 22°C 


Pyromellitate Solubility in water 


3 3 
g 1π.0. /ᾶπ΄ | g anhydrous Μ/ᾶπι 
Se i pi D 


0.0082 0.0170 1.25. 1073 


0.0058 0.0115 8.4 .107° 
0.0087 0.0174 1.27 . 1072 
0.0051 0.0105 7.6 .107° 
0.0021 0.0042 3.0 . 107° 
0.0017 0.0034 2.4°.107° 


0.0017 «107 
0.0040 
0.0051 
0.0062 


0.0070 


0.0033 
0.0077 
0.0096 
0.0117 
0.0179 


2.3 
5.2 
6.4 
7.8 
1.54 . 10” 


* 
Solubilities are in term of: ceo, and Pr 0... 
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Table 5. Date of roentgenographic analysis of heavy 


lanthanons and yttrium pyromellitates 
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On the basis of the data obtained the pyromellitates of 
lanthanons are found to be highly insoluble in water. Their sol 
ubilities are of the order 107?) - 107° N/am and decrease from 
La to Gd and next increase to lu. Praseodymium pyromellitate is 
better soluble than pyromellitates of adjacent lanthanons. An 
analogous change of solubilities is observed in the case of tere- 
phtalates oxalates of light lanthanons. Pyromellitate of 
yttrium is the best soluble. 

The Slight solubilities of lanthanons and yttrium pyromel- 
litutes are due to the space structure of molecules, Probably 
the multicentre complexes with space network are formed because 
of 1, 2, 4, 5 — positions of carboxylic groups. 

To find whether these obtained salts are crystalline X-ray 
radiography measurements were made by means of powder method 
(Debye = Scherrer method) and CuK ig Tadiation and by the use of 
diffractometer DRON-2 with an appriopriate filter. The results 
determined in the range of 4-60° are given in Tables 4, 5. The 


maximum intensity I, is equal to 100. 
On the grounds of diffractodiagrams it can be suggested 


that the lanthanons and yttrium pyromellitates are character- 
ized by low symmetry because the reflections appear when the 
angles are small. The first interference reflection occurs 
when the angle is equal to 5-65 and in this manner it confirms 
the wide size of unit lattice cell. 


. 


The investigation presented above is a part of Problem 
MR I-13 and is financed by the Ministry of Science, Higher 
Schools and Technics. 
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STRESZCZENIE 


Przebadano warunki tworzenia się piromelitandéw: La, Ce, Pr, 
Nad, Sm, Eu, Gd, Er, Yb, Iu i Y, ich skład ilościowy i rozpusz— 
ezalnosé w wodzie w temperaturze pokojowej, Piromelitany lanta- 


nowców 58 solami o ogólnym wzorze In, [C (eoo), J, + 1H,0, gdzie 
n= 12-24, Rozpuszezalnogci ich sq rzedu 107710-6 Μ/ᾶπι5. 


Zarejestrowano widma IR i X otrzymanych preperatéw i 
stwierdzono, ze piromelitany lantanowcow i itru sq solami kry- 
stalicznymi, w których między metalem a tlenem.grupy karboksy- 
lowej występuje wiązanie jonowe, 


PESKME 


ΜΟΟΠΘΛΟΒΘΗΟ Υ̓ΟΠΟΒΜΗ͂ ΠΟΠΥΠΘΗΜΗ ΠΗΡΟΝΜΘΠΗΤΘΤΟΒ: La, Ce, Pr, 
Hd, Sm, Ev, Gd, Er, Yb, Lu W Y, WX COCTAB W ΡΒΟΤΒΟΡΗΜΟΟΊΣ B ΒΟΑ͂Θ 
ΠΡΗ ΚΟΜΗΒΤΗΟΗ Temnepatype. ΠΗΡΟΝΜΘΠΗΤΕΤΗ ΠΘΗΤΘΗΜΛΟΒ W ΗΤΡΗΒ 
- ƏTO ΤΡΥΛΗΟΡΒΟΤΒΟΡΗΜΗΘ conu c Owe φορμτποῦ in, [° z, (Coo), h. 
. nHo0, ΤΛΘ n= 12-24. PacTBopumocTs WX MOpAAKa 10-5 ~ 1076 M/ 
Από, ΒΘΡΘΓΜΟΤΡΗΡΟΒΒΗΟ ΟΠΘΚΊΡΗ IR ú X ΠΟΠΥΠΘΗΗΝΧ ΠΡΕΠΒΡΒΤΟΒ 
H CROHCTƏTUDOBƏHO, YTO ΠΗΡΟΜΘΠΗΤΑΤΝΡ ΠΘΗΤΒΗΜΠΟΒ 81ο ΚΡΠΟΤΑΠΙΝ- 
ἩΠΒΟΚΗΘ CONN, y ΚΟΤΟΡΗΧ ΜΘΧΛΥ ΜΟΘΤΕΠΠΟΜ, A ΚΨΟΠΟΡΟΠΟΝ ΚΒΡόΟΚΟΜΙΣ- 
HOM ΤΡΥΠΠΗ ΒΗΟΤΥ͂ΠΒΘΤ ΜΟΗΗΒΗ ΟΒΗ͂ΒΡ. 
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